Abstract. OBJECTIVE: Bone histomorphometry and the concentration of the serum osteocalcin expression were observed in disuse osteoporosis (DOP) rats in order to explore the mechanism of pulsed electromagnetic fields in treating DOP. METHODS: Female SD rats, weighing 250 ∼ 280 g, were randomly divided into 4 groups: a control group and three experimental groups. The right hindlimbs of all the rats were immobilized by tibia-tail fixation, except for those in the INT group. The ALN group rats were given an alendronate sodium (1 mg kg −1 d −1 ) treatment, and the rats in the PEMF group received PEMF irradiation. Bone histomorphometry and the concentration of serum osteocalcin expression were detected in 2, 4, 8, and 12 weeks. RESULTS: Four weeks after modeling, as compared with the DOP group, the %Tb-Ar and Tb-N in the ALN group were increased, and the difference was significant (P < 0.05 or P < 0.01). At 8 weeks, as compared with the DOP group, the %Tb-Ar and Tb-N in the ALN group and the PEMF group both increased, and there was a significant difference (P < 0.05 or P < 0.01). At 12 weeks, as compared with the DOP group, the BGP serum concentration of the ALN group was reduced, and there was a statistical difference (P < 0.05). CONCLUSION: Pulse electromagnetic field with drug can prevent disuse osteoporosis by changing the bone microstructure. In the long run, PEMF improves the mechanical performance of biological structures better than alendronate sodium does. PEMF may influence the process of bone remodeling by promoting the level of osteocalcin.
Introduction
Osteoporosis is a systemic skeletal disease characterized by low bone mass and micro-architectural deterioration, which increases the risk of fracture. Disuse osteoporosis (DOP) is a kind of secondary osteoporosis that can be caused by various reasons, such as motion ability restriction or dysfunction or 1 These authors contributed equally to this work.
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B. Li et al. / Effects of pulsed electromagnetic fields on histomorphometry and osteocalcin in DOP rats motion system damage. DOP is frequently seen in hemiplegia, fracture, long-term bed rest, and space flight [1, 2] . In recent years, with the increase in the number older individuals and the use of mechanized transportation, the high incidence of disuse osteoporosis is becoming a significant problem in clinical medicine.
DOP can result in severe damage to the bone microstructure in addition to lost bone mass. The threedimensional structure of the trabecular bone and the degree of connection are known as bone microstructure. At present, the bone histomorphometry method has been refined for conducting a quantitative analysis of bone microstructure in the study of DOP.
There is a long history of using the effects of pulsed electromagnetic fields (PEMFs) to treat osteoporosis for a long history. Since the discovery of strain-generated potentials in bone and their potential influence on bone formation and remodeling, the effects of direct and indirect electrical and magnetic stimulation on bone metabolism in bones have been studied in numerous experiments. Although the effect of PEMFs on bone formation and remodeling has been investigated in several studies, no consistent results have been obtained [3] [4] [5] .
To clarify these conflicting results, a tibial-tail fixation model in rats was established. The model induces an osteopenia in rats, which primarily reduced bone formation rather than increased bone resorption [6, 7] . Furthermore, it was proven that the model had reduced osteoblast populations and bone formation in the affected rat hind limb long bones [8] . The author investigated the effect of 60 days of PEMFs exposure on disuse osteoporosis rats. Bone morphology metrology and BGP concentration in the serum were also evaluated in order to discuss the possible mechanism of PEMF curing disuse osteoporosis.
Materials and methods

Animals
SD rats of clean grade, female, and weight of 250 g ∼ 280 g were provided by the experimental animal center of Jilin University's Bethune School of Medicine, Certificate No. SCXK-Ji 2007-0003. The animals were kept at a specific pathogen free (SPF) animal house at a controlled temperature (22 ± 2 • C), under 12 h light/dark cycles. The experimental procedures were approved by the Committee of Animal Administration of Harbin Medical University.
PEMF system
The PEMF exposure system developed for this study was composed of a waveform generator and Helmholtz coil. The waveform generator generated 10 Hz repetitive single pulse waveforms. The Helmholtz coil used for the treatment exposures consisted of a 240 mm diameter, a 0.9 mm diameter copper wire, and 200 turns. The current passing through the wires was 1A with a frequency of 10 Hz. The Helmholtz coils produced a magnetic field with a magnetic field intensity of 15 GS in the center between the coils where the animals received the exposure. Figure 1 illustrates the PEMF circuit diagram used in this study. 
PEMF treatment protocols and model preparations
The rats were divided into four groups according to body mass random sampling, with 20 rats in each group: the intact (INT) group, DOP group, Alendronate sodium (ALN) group, and PEMF group. The disuse osteoporosis rat models were established by modified tibial-tail fixation braking, except for the INT group. The DOP model establishment method was improved on the basis of traditional tibialtail fixation [4] . The rats were anesthetized by an intraperitoneal injection of 30 mg kg −1 pentobarbital sodium. Medical tape was wound on the tail at a distance of about 1 cm from the anus, and an appropriate diameter medical wire was passed through the right hind tibia distal around 1 cm from the anus. The hind limbs were fixed to the tape wrapping position. It is advisable to securely fix the legs so that they cannot easily slip. Medical adhesive tape can effectively reduce oppression as well as increase the fixed stress surface. The tail medical steel wire tension was regulated with the rats' growth. All animals received a standard rat diet (calcium and phosphorus contents were 0.51% and 0.42%, respectively) and were permitted free access to water. The INT group rats were fed with DOP average rat feed consumption in order to avoid weight differences influencing the results of the evaluation.
In order to determine a successful model of DOP, 5 rats were randomly selected for dual energy X-ray absorptiometry (small animal software) of the right proximal femur bone density scans two weeks after the right lower limbs were broken (data not shown).
The ALN group rats were given alendronate sodium (1 mg kg −1 D −1 , Alendronate, Hangzhou MSD Pharmaceutical Co., Ltd.). PEMF group rats were given PEMF 40 min D-1 irradiation treatment, with magnetic field parameters of 3.82 mT and 10 Hz.
Bone histomorphometry and serum BGP concentration determination
At 2, 4, 8, and 12 weeks after treatment, 5 rats in each group were sacrificed to detect both bone histomorphometry and serum BGP concentration. Blood samples were taken from the rats' right ventricle. The right tibia was fixed with 4% paraformaldehyde. The serum was collected after the blood was 
Statistical analysis
The statistical analyses were performed with SPSS statistics 15.0. The data were analyzed using oneway ANOVA with Bonferroni post hoc tests for multiple comparisons. A value of p < 0.05 was considered statistically significant. The results are expressed as mean values with standard deviations.
Result
Bone morphology metrology static parameters of observations
Two weeks after treatment, as compared with the DOP group, the %Tb-Ar and Tb-N of the ALN group were significantly increased, whereas the Tb-Sp was reduced, and the result was significantly different (P < 0.01). As compared with the DOP group, the parameters of the PEMF group were not significantly different. Four weeks after curing, as compared with the DOP group, the %Tb-Ar and Tb-N of the ALN group were significantly increased, whereas the Tb-Sp was reduced, and the result was significantly different (P < 0.01). Additionally, Tb-Th was only slightly different. As compared with the DOP group, the %Tb-Ar and Tb-N of the REMF group increased, and the result was significantly different (P < 0.05 or P < 0.01). The Tb-Th and Tb-Sp were only slightly different. Eight weeks after curing, as compared with the DOP group, the %Tb-Ar and Tb-N of the ALN group and PEMF group both increased, whereas the Tb-Sp was reduced, and the result was significantly different (P < 0.05 or P < 0.01). At 12 weeks, as compared with the DOP group, the Tb-Ar and Tb-N of the ALN group and the PEMF group both increased (P < 0.01), whereas the Tb-Sp was reduced, and the result was significantly different (P < 0.01). The Tb-Th was a little higher but the difference was not significant. Figures 2 and 3 give the results.
Determination of serum BGP concentration
After modeling, as compared with the INT group, the rest of the groups were significantly increased. Two weeks after modeling, as compared with the DOP group, the ALN group and the PEMF group did not exhibit any obvious differences. Four weeks after modeling, as compared with the ALN group, the PEMF group's BGP serum concentration was obviously increased (P < 0.01). Eight weeks after modeling, the serum BGP concentration of the PEMF group continued to rise. As compared to the DOP group, the ALN group's BGP serum concentration reduced, which was a significant difference (P < 0.05). As compared with the DOP group and ALN group, the PEMF group's serum BGP concentration obviously increased, which was a significant difference (P < 0.01) (Fig. 4) .
Discussion
DOP is a type of secondary osteoporosis. It directly results in lower bone mineral content due to body long-term braking, disuse, restricted movement of the body, or its inability to bear load. It often occurs in long-term bedridden or disabled patients and in astronauts in weightlessness [9] [10] [11] [12] . To address DOP, the major treatment strategies focus on improving osteoblast activity and reducing bone resorption. Relatedly, many studies reported that PEMF could stimulate the proliferation and differentiation of osteoblasts [13, 14] ; however, the effect of different magnetic field conditions on cell proliferation and differentiation resulted in radically different results. This experiment, using the conditions in reference [15, 16] and homemade equipment, used 3.82 mT, 10 Hz magnetic field conditions. The results of this study confirmed that a magnetic field strength of 0.15 Gs, which has a promoting effect on bone healing, could prevent interruptions of the hormonal balance of high intensity.
Bone histomorphometry is a newly developed quantitative research method of bone tissue. It can transform two-dimensional images of bone tissue slices into quantity data as well as realize bone structure change from bone tissue and cellular levels. This study investigated the influence of PEMF on bone turnover in disuse osteoporosis from the bone histomorphometry angle. The experimental results show that, in the 4 weeks after the PEMF or ALN treatment, the %Tb-Ar, Tb-N, and Tb-Sp parameters of the ALN group and PEMF group rats obviously changed. The bone microstructure changed, the area ratio and volume of the trabecular bone increased, and the average interval width of the trabecular bone decreased obviously. After a continuous 8 weeks of treatment, the Tb-Sp of the PEMF group was significantly lower, and the data indicated that, PEMF and ALN can improve disuse osteoporosis by changing the osseous tissue microstructure, quantity, structure, and the nature of bone trabecular, which achieves disuse osteoporosis treatment.
Throughout the treatment process, the Tb-Th of the ALN group and PEMF group showed no significant difference as compared with the DOP group. This may be due to the compensatory thickening of the trabecular bone in the DOP group, resulting in a similar trend with the treatment group.
BGP is a non-collagen that is specifically synthetized and secreted by osteoblasts and is a biochemical criterion that indirectly reflects bone metabolism [17] . BGP combines with hydroxylapatite and stabilizes its conformation in the presence of calcium ions; it is considered to be a marker of characteristic osteoblast differentiation [18] .
In this research, the BGP concentrations of the rest groups were significantly increased as compared with that of the INT group after modeling. A significant increase in the bone biochemical markers indicated that osteoblast activity was enhanced in the disuse osteoporosis model. Disuse osteoporosis promoted bone absorption and bone formation simultaneously. The degree of bone absorption is much larger than that of bone formation, resulting in the formation of bone loss and osteoporosis. After modeling, the ALN group sustained reduced concentrations of BGP, and the effects of the ALN treatment were confirmed. Data suggested that alendronate may decrease osteoclast function, which inhibits bone resorption. The serum BGP concentration of the PEMF group increased, and there was a significant difference as compared with the ALN group (P < 0.01). In fact, PEMF is better than drugs in enhancing osteoblast function. PEMF primarily prevented and treated disuse osteoporosis disease through promoting bone formation, and this view was confirmed by the experimental results.
However, bone structure mechanics and bone density should be studied and recorded in order to provide complete information of the real-time state of the bone. In our study, only a continuous monitoring of bone microstructure was carried out; thus, it does not fully reflect the state of the bone.
In summary, PEMF can prevent and treat DOP, and it can change the microstructure of bones. More specifically, BGP plays a crucial role in the process of improving DOP by PEMF. The experimental results indicate that for the prevention of DOP, drugs have a quick effect on DOP; however, in the long run, PEMF is less toxic and has fewer side effects, is safer, and is more reliable than drugs. 
